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Abstract

Neuroblastoma is a common pediatric malignancy that metastasizes to the liver, bone, and other organs. Children with metastatic
disease have a less than 50% chance of survival with current treatments. Insulin-like growth factors (IGFs) stimulate neuroblastoma
growth, survival, and motility, and are expressed by neuroblastoma cells and the tissues they invade. Thus, therapies that disrupt the
effects of IGFs on neuroblastoma tumorigenesis may slow disease progression. We show that NVP-AEW541, a specific inhibitor of
the IGF-I receptor (IGF-IR), potently inhibits neuroblastoma growth in vitro. Nordihydroguaiaretic acid (NDGA), a phenolic compd.
isolated from the creosote bush (Larrea divaricata), has anti-tumor properties against a no. of malignancies, has been shown to inhibit
the phosphorylation and activation of the IGF-IR in breast cancer cells, and is currently in Phase | trials for prostate cancer. In the
present study in neuroblastoma, NDGA inhibits IGF-I-mediated activation of the IGF-IR and disrupts activation of ERK and Akt
signaling pathways induced by IGF-I. NDGA inhibits growth of neuroblastoma cells and induces apoptosis at higher doses, causing
IGF-I-resistant activation of caspase-3 and a large increase in the fraction of sub-GO cells. In addn., NDGA inhibits the growth of
xenografted human neuroblastoma tumors in nude mice. These results indicate that NDGA may be useful in the treatment of
neuroblastoma and may function in part via disruption of IGF-IR signaling.
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Abstract

Terameprocol (meso-tetra-O-Me nordihydroguaiaretic acid, formerly known as EM-1421 and M4N) is a semi-synthetic small mol. with
antitumor activity occurring via selective targeting of Spl-regulated proteins, including survivin and cdc?2 that control cell cycle and
apoptosis. Terameprocol is in clin. development as a site-specific transcription inhibitor in solid refractory tumors. The present studies
were designed to investigate the in-vitro and in-vivo anticancer activity of terameprocol in a novel hydroxypropyl -cyclodextrin and
polyethylene glycol solvent formulation (designated CPE) designed for safe parenteral administration. Terameprocol powder was
dissolved in CPE (20% hydroxypropy! B-cyclodextrin and 50% polyethylene glycol 300 or 30% hydroxypropyl B-cyclodextrin and 25%
polyethylene glycol 300) or DMSO and used for in-vitro cell proliferation assays, and in human carcinoma xenograft studies using
female athymic nude mice injected with SW-780 human bladder cells. Terameprocol (50 and 100 mg/kg), paclitaxel (5 mg/kg),
terameprocol and paclitaxel or vehicle was administered i.p. daily for 21 days. Stock solns. of the CPE formulation were stable for up
to 12 mo. Terameprocol CPE formulation showed concn.-dependent inhibition of HeLa and C33A cell proliferation, and was less toxic
than terameprocol DMSO formulation. The terameprocol CPE formulation showed no overt toxicities in tumor-bearing mice.
Terameprocol alone reduced the rate of tumor growth, and a combination of terameprocol/paclitaxel reduced both the rate and extent of
tumor growth. These preclin. results confirm the tumoricidal activity of terameprocol formulated in a solvent suitable for parenteral
administration and suggest that terameprocol has improved efficacy when coadministered with paclitaxel.
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Abstract

This study examd. the combinatory effect on graft survival of neonatal pig pancreatic cell clusters (NPCC) with nordihydroguaiaretic
acid (NDGA), a 5-lipoxygenase inhibitor, with systemic CTLA4Ig expression, with local CTLA4Ig and with interleukin-1 (IL-1) receptor
antagonist (IL-1ra) expression using a pig to mouse model. About 2000 NPCCs, which were infected with both adenoviruses carrying
CTLA4Ig and IL1-1ra genes (each 500 pfu/NPCC), were transplanted beneath the kidney capsule of diabetic BALB/c mice. Two days
before transplantation, the recipient mice were either injected with (group C, n = 4; group D, n = 6) or without (group A, n = 7; group B, n
=9) 1 x 1013 pfu/kg body wt. of adenovirus carrying the CTLA4lg gene. Mice in groups B and D received daily injections of NDGA
(20 mg/kg body wt.) s.c. for 4 wk. Blood glucose levels less than 200 mg/dL were defined to be normoglycemic and the transplant
termed as a functioning graft for the purpose of calcg. mean graft function time (MFT). Four weeks posttransplantation, an i.p.
glucose tolerance test (IPGTT) was performed to calc. the area under the curve (AUC). Blood glucose levels in groups C and D were
significantly lower than groups A and B at 1, 2, and 3 wk after transplantation. Graft MFT and AUC of IPGTT in group D were
significantly different from those in groups A and B. Our data suggested that a high dosage of systemic expression of CTLA4Ilg was
effective to enhance xenograft survival and that in it was reinforced by a combination with the macrophage inhibitor NDGA.
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Abstract

Purpose: Multidrug resistance (MDR) continues to be a major obstacle for successful anticancer therapy. One of the principal factors
implicated in MDR is the over expression of P-glycoprotein (Pgp), the product of the MDR1 gene. Methods: Here we explore the
possibility of using the transcription inhibitor tetra-O-Me nordihydroguaiaretic acid (M4N) to inhibit Sp1-regulated MDR1 gene expression
and restore doxorubicin and paclitaxel sensitivity to multidrug resistant human cancer cells in vitro and in vivo. Results: We found

that M4N acted synergistically with doxorubicin and paclitaxel in inhibiting the growth of the cells in culture allowing significant dose
redns. of both drugs. We obsd. no such synergism when M4N was used in combination with cisplatin, another chemotherapeutic agent,
but not a Pgp substrate, as analyzed by the combination index and isobologram methods. Anal. of MDR1 mRNA and Pgp levels
revealed that at sublethal doses, M4N inhibited MDR1 gene expression in the multidrug resistant NCI/ADR-RES cells and reversed the
MDR phenotype as measured by Rhodamine-123 retention. In addn., M4N was found to inhibit doxorubicin-induced MDR1 gene
expression in drug sensitive MCF-7 breast cancer cells. Conclusions: M4N and maltose-tri-O-Me nordihydroguaiaretic acid
(maltose-M3N), a water-sol. deriv. of NDGA, were also able to reverse the MDR phenotype of the tumor cells in a xenograft model
system and combination therapy with M4AN or maltose-M3N and paclitaxel was effective at inhibiting growth of these tumors in nude
mice.
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Abstract

Purpose: We have previously shown that the transcriptional inhibitor tetra-O-Me nordihydroguaiaretic acid (M4N) induces growth arrest
in tumor cells and exhibits tumoricidal activity when injected intratumorally into tumor cell explants in mice. The expts. reported here
were designed to det. whether M4N can be given systemically and inhibit the growth of five different human xenograft tumors. Exptl.
Design: Nude (nu/nu) mice bearing xenografts of each of five human tumor types (i.e., hepatocellular carcinoma, Hep 3B; prostate
carcinoma, LNCaP; colorectal carcinoma, HT-29; breast carcinoma, MCF7; and erythroleukemia, K-562) were treated with M4N given
i.v. or i.p. in a Cremophor EL-based solvent system or orally in a corn oil based diet. Tumors from the treated animals were measured
weekly and analyzed for the expression of the Cdc2 and survivin genes, both previously shown to be down-regulated by M4N.

Results: Systemic M4N treatment suppressed the in vivo growth of xenografts in each of the five human tumor types. Four of the

five tumor models were particularly sensitive to M4N with tumor growth inhibitions (T/C values) of <42%, whereas the fifth, HT-29,
responded to a lesser extent (48.3%). Growth arrest and apoptosis in both the xenograft tumors and in the tumor cells grown in culture
were accompanied by redns. in both Cdc2 and tumor-specific survivin gene expression. Pharmacokinetic anal. following oral and i.v.
administration to ICR mice indicated an abs. bioavailability for oral M4N of .apprx.88%. Minimal drug-related toxicity was obsd.
Conclusion: These preclin. studies establish that when given systemically, M4N can safely and effectively inhibit the growth of human
tumors in nude mice.
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Abstract

Colorimetric MTT assay, flow cytometry, and light microscopy were used to investigate the proliferation in vitro, cell cycles, apoptosis
of CHG-5 cells, and the growth of xenografted tumor in nude mice. Nordihydroguaiaretic acid (NDGA) significantly inhibited the
proliferation of CHG-5 cells in vitro. The cells in GO/G1 phase increased, but the cells in S, G2/M phases decreased, and apoptotic
cells increased significantly. After treatment of NDGA (50 mg/kg, i.p.) 5 d after the inoculation of tumor cells, the xenografted tumor
vol. reduced remarkably without significantly toxic and side effects. The inhibitory effect of NDGA on the growth of CHG-5 cells may
be correlated with the regulation of cell cycles and induction of apoptosis.
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Abstract

Several studies have suggested that high dietary fat intake, particularly essential fatty acids, is assocd. with pancreatic cancer
development and growth. Our previous studies have demonstrated that blockade of either the 5-lipoxygenase (LOX) or 12-LOX
pathway of arachidonic acid metab. inhibited pancreatic cancer cell proliferation and induced apoptosis. This study investigated the
underlying mechanisms for LOX inhibitor-induced apoptosis and the potential of LOX inhibitors as antipancreatic cancer agents using
the athymic mice xenograft model. Apoptosis of pancreatic cancer cells induced by LOX inhibitors (including the nonselective LOX
inhibitor nordihydroguaiaretic acid, the 5-LOX inhibitor Rev-5901, and the 12-LOX inhibitor baicalein) was confirmed by growth inhibition,
annexin V binding, and terminal deoxynucleotidyl transferase-mediated nick end labeling assay in MiaPaCa-2 and AsPC-1 human
pancreatic cancer cells. Expression of the antiapoptotic proteins Bcl-2 and Mcl-1 was significantly decreased after LOX inhibitor
treatment while that of the proapoptotic protein bax was increased. LOX inhibitors also markedly induced the release of cytochrome ¢
from mitochondria into the cytosol. Caspase-9, caspase-7, and caspase-3 but not caspase-8 were activated after treatment,
concomitant with cleavage of the caspase-3 substrate poly(ADP-ribose) polymerase. In vivo studies in the athymic mice xenograft
model also confirmed the growth inhibitory effect and induction of apoptosis by these LOX inhibitors in pancreatic cancer. In
conclusion, LOX inhibitors block pancreatic cancer cell proliferation and induce apoptosis through the mitochondrial pathway both in
vivo and in vitro. LOX inhibitors are likely to be valuable for the treatment of human pancreatic cancer.
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Abstract

The effect of nordihydroguaiaretic acid (NDGA) on the xenograft of human malignant glioma cells was studied in nude mice. NDGA
inhibited the growth of the xenograft of human malignant glioma cell line SHG-44 in nude mice. NDGA induced the differentiation of
the xenograft cells and blocked the cell growth cycle in the G1 — S phase. Thus, the therapeutic effects of NDGA on human
malignant glioma in vivo are similar to those in vitro.
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Abstract

Athymic BALB/c nude mice bearing a human melanoma cell line LOX were given the photosensitizing drug Photofrin Il (10 mg/kg) i.p.
Mice were also given i.p. glucose, galactose, or glucose plus nordihydroguaiaretic acid (NDGA, an inhibitor of glycolysis). Multiple
injections of glucose (3 g/kg) given at -1, 0, +1, and +3 h relative to the injection of Photofrin Il at time 0 increased the uptake of
Photofrin 1l in the tumor 4 h after the Photofrin Il injection, while the uptake in the other tissue remained unchanged. Galactose had no
effect on the uptake of Photofrin 1l in the tissues studied (tumor, muscle, skin, and liver). NDGA abolished the effect of glucose.
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Abstract

Nordy is a chirally synthesized compound of a natural lipoxygenase inhibitor nordihydroguaiaretic acid. In this study, we
found that Nordy inhibited the growth of human glioma cell lines in vitro and their tumorigenicity in mice. In addition,
Nordy promoted differentiation of highly malignant human glioma cells. Investigation into the mechanistic basis of Nordy
activities revealed that it altered the pattern of protein expression profiles in tumor cells. By using 2-DE, we found that in
human glioma cell lines, at least six proteins were down-regulated after Nordy treatment, while four proteins were elevated
in the same cells. Among the six down-regulated proteins, microsequencing with MALDI TOF MS confirmed the identity of
five: proliferation-associated gene A (PAG-A), alternative splicing factor-3 (ASF-3), beta-galactoside binding lectin,
eukaryotic translation initiation factor 5A (elF-5A), and coffilin-1 (nonmuscle). Four up-regulated proteins were GST-pi,
glyceraldehyde-3-phosphate dehydrogenase, alpha-enolase, and cyclophilin. All these proteins have been reported to
participate in key cellular functions including proliferation, metabolism, differentiation, apoptosis, and gene transcription.
Our results suggest that Nordy may constitute a promising drug lead for the development of novel antitumor agents
targeting proteins that control tumor cell function at multiple levels.
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Abstract

Nordy is a chiral compound synthesized based on the structure of a natural lipoxygenase (LO) inhibitor
nordihydroguaiaretic acid (NDGA) from plants. The aim of the present study is to investigate the effect of Nordy on
malignant human glioma cell responses to chemoattractants and growth promoting signals. We found that Nordy, in a
non-cytotoxic concentration range, potently inhibited the chemotaxis and calcium flux of a human glioblastoma cell line
U87 induced by a formylpeptide receptor (FPR) agonist, formyl-methionyl-leucyl-phenylalanine (fMLF) and epidermal
growth factor (EGF). U87 cells treated by Nordy also showed a significantly impaired proliferation and expression of
mRNA for vascular endothelial growth factor (VEGF) induced by fMLF. The chemotactic and proliferation responses of
Nordy treated U87 cells to EGF were concomitantly diminished. Further experiments revealed that Nordy did not
significantly affect FPR gene expression in U87 cells, but attenuated the activation of a plethora of signaling molecules
including ERK1/2, p38, JNK, and Akt when the cells were stimulated by fMLF. EGF-induced EGF receptor
phosphorylation was also inhibited in Nordy-treated U87 cells. Moreover, Nordy significantly reduced the tumorigenicity
of U87 cells in nude mice. Our results suggest that Nordy is capable of inhibiting glioma cell responses to signals that
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promote cell matility, growth and production of VEGF. Thus, Nordy may constitute a molecular basis for the
development of novel anti-cancer drugs.
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Abstract

Lipoxygenase metabolites of arachidonic acid can act as growth promoting factors for various cancer cell lines. Here we
demonstrate that the 5-lipoxygenase inhibitor nordihydroguaiaretic acid potently inhibits anchorage-independent growth of
human pancreatic and cervical cancer cells in soft agar and delays growth of pancreatic and cervical tumours established
in athymic mice. Furthermore, nordihydroguaiaretic acid induces apoptosis of these cancer cells in vitro and in vivo.
Potential mechanisms mediating these effects of nordihydroguaiaretic acid were examined. Nordihydroguaiaretic acid had
no inhibitory effect on growth and survival signals such as tyrosine phosphorylation of the epidermal growth factor
receptor or basal and growth factor-stimulated activities of extracellular signal-regulated kinase 1/2, p70(s6k) and AKT but
selectively inhibited expression of cyclin D1 in the cancer cells. In addition, treatment with nordihydroguaiaretic acid lead
to a disruption of the filamentous actin cytoskeleton in human pancreatic and cervical cancer cells which was
accompanied by the activation of Jun-NH(2)-terminal kinase and p38(mapk). Similar effects were obtained by treatment
of the cancer cells with cytochalasin D. These results suggest that nordihydroguaiaretic acid induces anoikis-like
apoptosis as a result of disruption of the actin cytoskeleton in association with the activation of stress activated protein
kinases. In conclusion, nordihydroguaiaretic acid could constitute a lead compound in the development of novel
therapeutic agents for various types of cancer.
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Abstract

tetra-O-methylnordihydroguaiaretic acid is a derivative of a naturally-occurring lignan, nordihydroguaiaretic acid, that has
previously been shown to inhibit various cancer types in vitro and in vivo. Additionally, nordihydroguaiaretic acid has
been shown to have nephrotoxic effects in the rat. Here we show that tetra-O-methylnordihydroguaiaretic acid inhibits the
growth of a number of tumor cell lines in vitro by inducing apoptosis in a non-schedule-dependent manner. Further, this
compound inhibits the synthesis of DNA by melanoma cells and causes cell cycle arrest in GO/G1 and G2/M phases of
the cell cycle. tetra-O-Methylnordihydroguaiaretic acid also inhibits the growth of both murine and human melanomas and
human colon cancer in vivo without apparent hepatic or renal toxicity.
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Abstract

The effects of lipoxygenase inhibitors were investigated using human lung cancer cell lines and A/J mice. By RT-PCR,
5-, 12-, and 15-lipoxygenase mRNA was detected in NSCLC cells. NDGA inhibited 5-LO activity in adenocarcinoma cell
line NCI-H1264. Using an MTT assay, NDGA, MK591 and AA861 inhibited the growth of NSCLC cell lines tested with
IC50 values of 3, 2, and 7 microM, respectively. Using a clonogenic assay, 10 microM NDGA significantly reduced
NSCLC colony number. NDGA significantly slowed NSCLC xenograft growth in nude mice. When the tumors were
excised and analyzed, nude mice treated with NDGA had significantly more apoptotic figures than did untreated tumors.
A/J mice treated with urethane developed adenomas after 4 months and NDGA administration significantly reduced lung
adenoma number. These data indicate that lipoxygenase inhibitors inhibit lung cancer growth and prevent lung
carcinogenesis.



